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FE MODELLING OF PILE AND PILED-RAFT FOUNDATIONS USING EMBEDDED PILES 
RONALD B. J. BRINKGREVE 
Plaxis bv / Delft University of Technology 
Email: r.brinkgreve@plaxis.com 
Abstract: The modelling of piles and piled-raft foundations requires a three-dimensional approach. A 
few years ago, the embedded pile model - consisting of slender beam elements, skin and foot interfaces – 
has been successfully implemented in the Plaxis 3D Foundation program. By utilizing the embedded pile 
model, the piles are being generated without affecting the existing mesh structure. The piles are added 
afterwards into the 3D finite element mesh. The pile elements can arbitrarily cross soil volume elements 
without the need to align with the element edges. During the mesh regeneration, embedded interface 
elements are also generated to model the pile-soil interaction in terms of skin friction and foot resistance. 
The interfaces represent in particular the pile-soil interaction strength and the pile bearing capacity, 
whereas the load-deformation response comes from the interaction and the stiffness of the surrounding 
soil. The skin resistance can be described by means of a linear, multi-linear or soil-dependent traction 
models. The foot resistance is described by an elasto-plastic spring connected to the soil around the pile 
foot. In order to ensure that the specified pile bearing capacity can be obtained without early soil failure 
(since the pile is only modelled by means of slender beam elements), an elastic area around the pile axis 
and foot is used in which plasticity in the soil elements is excluded. In this way the embedded pile almost 
acts as a pile composed of volume elements, while maintaining its efficient formulation. 
 The embedded pile model has been validated for axial compression and extension. Installation effects 
are not (yet) taken into account. Therefore, the embedded pile is mostly usable for bored piles and piled-
raft foundations. Currently, the embedded pile model is being validated for lateral loading and for pile 
group effects. In the presentation some of the validation results will be demonstrated, as well as some 
practical applications of the embedded pile model. 
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